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Introduction
Since Moissan's isolation of fluorine gas by electrolysis of anhydrous hydrogen fluoride in 1886 and his largely unsuccessful attempts at the direct fluorination of organic systems [1] , organofluorine chemistry has grown to be a field of research that impacts across the chemical, materials and life-science sectors. Swarts began his seminal studies on the synthesis of 2 trifluoromethylated aromatic systems by halogen exchange processes in the 1920's and the 1930's saw the first syntheses of chlorofluorocarbons and perfluoropolymers which were quickly developed for use as refrigerants and heat and chemical resistant materials respectively [2] .
Following further development of fluorination techniques and materials as part of the Manhattan project during the 1940's, academic and industrial interest in these almost entirely man-made systems increase rapidly due to a combination of unusual chemical properties imparted by fluorinated groups on organic systems and some increasingly valuable commercial product streams.
In 1954, a fluorinated corticosteroid was found to have increased biological activity over the nonfluorinated parent steroid [3] and this sparked the application of selectively fluorinated systems within the life science industries.
Apart from around a dozen naturally occurring fluorine containing organic systems largely based on fluoroacetate and present in a small number of plants located mainly in the southern hemisphere [4] , organofluorine compounds do not occur in nature. Consequently, all fluorinated molecules used today for all commercially available applications are synthetic and require the construction of carbon-fluorine bonds as a key part of their synthesis ultimately using fluorine atoms derived from mineral sources.
In this short discussion paper, we provide an overview of the importance of organofluorine chemistry to modern life including the widespread application of fluorinated systems in key materials, energy, health and chemical sectors. Raw material sources of fluorine, an essential nonmetallic element, for carbon-fluorine bond formation and the subsequent manufacture of fluorinated products and the long term sustainability of the field of organofluorine chemistry are discussed.
2.
Applications of organofluorine chemistry anaesthetics in medical operations is now routine [9] .
Food Security
The effect of fluorinated substituents on the biological activity of organic systems has been used for the development of many agrochemicals and a high percentage of herbicides, fungicides and insecticides (Table 2) , contain fluorinated substituents possessing high activity with low dosage rates [10] . Of course, agrochemicals are required to ensure the food security of a growing global population that is currently just over 7 billion people and fluorine atoms play a key contribution in addressing this global problem. Chlorofluorocarbons (CFCs) began to be manufactured in the 1950's on the large scale as refrigerants, replacing sulphur dioxide and ammonia which had been previously used. Following the discovery of CFC ozone depleting properties [12] , a range of hydrofluorocarbons such as HFC-134a
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(CF 3 -CFH 2 ) with much lower ODP became available and continue to be produced and used widely in air conditioning units worldwide [13] .
Energy
The continuing supply of sufficient cheap energy for a growing, global population is perhaps the single most important problem of the 21 st century and we can expect organofluorine chemistry to continue to play a role in energy generation. Uranium hexafluoride is produced using fluorine gas then separated and handled using various perfluoropolymer components as fuel for the atomic energy industry [14] . Renewable energy sources such as solar cells rely on fluoropolymer backing components and new generation fuel cells operate using perfluorinated sulfonic acid membranes (e.g. Flemion®, Asahi Glass) [15] .
7
The above highly selective examples provide an indication of how fluorine atoms play a role within modern lifestyles in terms of comfort, health and technology, and serve to demonstrate how essential organofluorine chemistry is to developed populations. It would be difficult to imagine modern society wishing to return to the days of the 1930's with no realistic, safe air conditioning, ether as the anaesthetic in medical operations and no fluoropolymer materials or fluorinated drugs available.
Sources of fluorine atoms for organic chemistry
Given the importance of organofluorine chemistry discussed above, an economic and secure raw material source for fluorine atoms that can be used in low cost manufacturing plants is required for the long term. Since fluorine is the 13th most abundant element within the earth's crust (0.065% by mass), at first sight, we would not be too worried about future raw material supplies of fluorine atoms. However, while fluorine is present in many ores and minerals only three mineral classes, in principle, allow the useful economic extraction of fluorine sources for organic chemistry [16] .
While cryolite (AlF 3 , NaF) reserves are now exhausted, phosphate rock containing fluorapatite (Ca 5 (PO 4 ) 3 F) is abundant with the United States Geological Survey (USGS) estimating global reserves of more than 300 billion tonnes [17] . However, phosphate rock is currently barely used as a source of fluorine.
Indeed, all fluorine atoms used for organofluorine chemistry originate from fluorospar (CaF 2 ) which is mainly sourced by mining operations mainly in China and Mexico. The USGS estimates that current global use of fluorspar is 6.7 million tonnes with current global reserves of 500 million tonnes [18] . Around half of all fluorspar produced is used directly as a flux to reduce melting points and increase the viscosity of metals in iron and steel production [16] . All other fluorspar mined is 
Conclusion
The wide range of applications of organic systems bearing fluorine atoms by the general public including pharmaceuticals, anaesthetics, materials and air conditioning materials make the continuous long term supply of processable fluorine atom sources essential to modern life. Until now, organofluorine chemistry has relied on the mining of a finite geological source, fluorospar, for transformation into anhydrous hydrogen fluoride which is used to manufacture all downstream fluorinating reagents and fluoroorganic products. Given current usage and reserve estimates, there is only sufficient fluorspar resource available for less than 100 years and so new larger scale fluorine containing raw material sources must be developed for aHF production. Whilst recycling and more efficient smelting and organic chemistry processes may make a minor contribution to the longevity of fluorspar use, the recovery and transformation of fluorosilic acid, a by-product from the fertilizer industry and available in essentially unlimited quantities from large phosphate rock deposits, offers the most effective solution to long term organofluorine chemistry sustainability given appropriate development.
